Effect of jet stretch and particle load on cellulose nanocrystal-alginate nanocomposite fibers.
Alginate fibers have found many applications such as the preparation of dressings to treat exuding wounds, drug delivery, enzyme immobilization, etc.; however, their use is limited due to poor mechanical properties. Cellulose nanocrystals (CNCs) were isolated from cotton and introduced into calcium alginate fibers with the goal of improving their strength and modulus. The isolated CNCs are elongated nanoparticles of crystalline cellulose with an average length of 130 nm with a standard deviation (s) of 63 nm, an average width of 20.4 nm (s = 7.8 nm), and an average height of 6.8 nm (s = 3.3 nm). The CNCs were mixed with an aqueous sodium alginate dope solution and wet spun into a CaCl(2) bath to form fibers. It was found that if the apparent jet stretch (ratio of the fiber draw velocity to extrusion velocity) is kept constant, addition of the nanocrystals reduces the tensile strength and modulus of the material; however, a small concentration of CNCs in the dope solution increases the tensile energy to break and enables an increase in the fiber spinning apparent jet stretch ratio by nearly 2-fold at up to 25% CNCs load; the maximum ratio of 4.6 is observed at 25 wt % CNC loading as compared to a maximum of 2.4 for the native alginate. Mechanical testing showed a 38% increase in tenacity and a 123% increase in tensile modulus with 10 wt % CNCs loading and an apparent jet stretch of 4.2. The data suggest that alignment of the nanocrystals in the composites is a key factor influencing the mechanical properties. CNCs have potential to become a biocompatible, renewable, and cost-effective solution to reinforce alginate fibers.